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24. The following fees are submitted:. 

BASIC NATIONAL FEE ( 37 CFR 1.492 (a) (1) - (5)) : 

□ Neither international preliminary examination fee (37 CFR 1.482) nor 
international search fee (37 CFR 1.445(a)(2)) paid to USPTO 
and International Search Report not prepared by the EPO or JPO 



□ 
□ 



International preliminary examination fee (37 CFR 1 .482) not paid to 
USPTO but International Search Report prepared by the EPO or JPG 

International preliminary examination fee (37 CFR 1 .482) not paid to USPTO 
but international search fee (37 CFR 1.445(a)(2)) paid to USPTO 

International preliminary examination fee (37 CFR 1 .482) paid to USPTO 
but all claims did not satisfy provisions of PCT Article 33(1 )-(4) 



$1040.00 



$890.00 



$740.00 



$710.00 



International preliminary examination fee (37 CFR 1.482) paid to USPTO 
and all claims satisfied provisions of PCT Article 33(1 )-(4) 



$100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT - 



CALCULATIONS PTO USE ONLY 



$890.00 



Surcharge of $130.00 for furnishing the oath or declaration later than 
months from the earliest claimed priority date (37 CFR 1 .492 (e)). 



□ 20 



S 30 



$130.00 



CLAIMS 



NUMBER FILED 



NUMBER EXTRA 



RATE 



Total claims 



15 



-20 = 



0 



$18.00 



$0.00 



Independent claims 



3 = 



$84.00 



$0.00 



Multiple Dependent Claims (check if applicable). 



□ 



$0.00 



TOTAL OF ABOVE CALCULATIONS = 



$1,020.00 



□ Applicant claims small entity status. See 37 CFR 1.27). The fees indicated above are 
reduced by 1/2. 



$0.00 



SUBTOTAL = 



$1,020.00 



Processing fee of $130.00 for furnishing the English translation later than □ 20 □ 30 
months from the earliest claimed priority date (37 CFR 1 .492 (f)). 



$0.00 



TOTAL NATIONAL FEE = 



$1,020.00 



Fee for recording the enclosed assignment (37 CFR 1 .21 (h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.3 1) (check if applicable). 



□ 



$0.00 



TOTAL FEES ENCLOSED = 



$1,020.00 



Amount to be: 
refunded 



charged 



a. 
b. 

c. 



□ 

□ 



$1,020.00 



to cover the above fees is enclosed. 
in the amount of 



to cover the above fees. 



A check in the amount of 

Please charge my Deposit Account No. 

A duplicate copy of this sheet is enclosed. 

The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment 
to Deposit Account No. 15-0030 A duplicate copy of this sheet is enclosed. 

Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card 
information should not be included on this form. Provide credit card information and authorization on PTO-2038. 



NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 
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TN THE UNITED STATES PATENT & TRADEMARK OFFICE 

IN RE APPLICATION OF: : 

SYLVAIN DEUTSCH ET AL : ATTN: APPLICATION DIVISION 

SERIAL NO: NEW U.S. PCT APPLN : 
(BASED ON PCT/FROO/02841) 

FILED: HEREWITH : 

FOR: BORON-BASED CONFINEMENT 
MATRIX FOR THE STORAGE OR 
INCINERATION OF LONG-LIFE 
RADIOACTIVE ELEMENTS 

PRETJMTNARY AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to examination on the merits, please amend the above-identified application as 
follows. 

TN THE CLAIMS 

Please amend the claims as shown in the marked-up copy following this amendment 

to read as follows. 

7. (Amended) Confinement matrix according to claim 1 for the incineration of at 
least one radioactive element, wherein the boron of the boron compound is enriched with "B. 




10. (Amended) Method according to claim 8, wherein the powder mixture also 
comprises one or more additives chosen from metals, catalysts, metal oxides or the adjuvants 
required to form the matrix or improve its properties. 

1 1 . (Amended) Method according to claim 8, wherein the boron precursor is chosen 
from B2O3, H3BO3, 8381, BgO and B4C. 

REMARKS 

Claims 1-15 are active in the present application. Claims 7 and 10-11 have been 
amended to remove multiple dependencies. No new matter is added. An action on the merits 
and allowance of claims is solicited. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 

Norman F. Obion 
Attorney of Record 
Registration No. 24,618 

Stefan U. Koschmieder 
Registration No. 50,238 
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Serial No: 


Copy 


Amendment 


Filed on: 





TN THE CLAIMS 

—7. (Amended) Confinement matrix according to [any of claims 1 to 6] claim 1 for 
the incineration of at least one radioactive element, wherein the boron of the boron 
compound is enriched with "B. 

10. (Amended) Method according to [any of claims 8 and 9] claim 8 , wherein the 
powder mixture also comprises one or more additives chosen from metals, catalysts, metal 
oxides or the adjuvants required to form the matrix or improve its properties. 

11. (Amended) Method according to [any of claims 8 to 10] claim 8 , wherein the 
boron precursor is chosen from B2O3, H3BO3, 6381, B^O and B4C.— 



-3- 



.1. £11 0 B 'nurj cii cji 



JCI^'d PCT/PTO 12 APR 2002 



BORON-BASED CONFINEMENT MATRIX FOR THE STORAGE OR 
INCINERATION OF LONG-LIFE RADIOACTIVE ELEMENTS 

Field of the invention 

The present invention relates to a confinement 
matrix for the storage of radioactive waste, composed 
of long-life radioactive elements such as long-life 
fission products and actinides. It also relates to the 
5 incineration of such elements, particularly actinides. 

In used nuclear fuel reprocessing plants, some 
long-life actinide elements and long-life fission 
products remain at the end of processing, which must be 
conditioned with a view to long-term storage in very 
10 resistant matrices. 

The materials that can be used as a matrix must 
have very high chemical stability, radiation stability 
and temperature stability characteristics to isolate 
the radioactive elements from the environment and keep 
15 them in this isolated state for very long periods due 
to their half-life value- 
In the case of actinides, it is also possible to 
process said radioactive waste by means of 
transmutation in nuclear reactors, said operation being 
20 referred to in this document as "incineration". 
Therefore, it is also advisable to include them in 
matrices liable to be subjected to irradiation. 

State of the related art 
25 Presently, the matrix selected for the long-term 

storage of long-life radioactive waste is glass, but 
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research is ongoing to find new materials offering even 
better characteristics for this conditioning. 

Following recent research, it was proposed to 
condition said waste in apatitic matrices, as disclosed 
5 in WO95/02886 [1] . Research was continued to find other 
materials liable to be used as a confinement or 
incineration matrix for long-life radioactive elements 
such as long-life fission products such as Cs, Sr, Tc, 
etc., and actinides. 

10 Of the materials that could be envisaged, boron- 

based materials could be of interest since boron is a 
neutron absorbing or moderating element. To date, only 
one boride such as boron carbide has been used as an 
absorbent in fast-neutron nuclear reactor and 

15 pressurised water reactor control rods and as a 
moderator for incineration targets. In this way, it was 
observed that this material shows a high stability 
under irradiation due to its specific crystalline 
structure. However, it is subject to accelerated 

20 corrosion in aqueous media, which renders it unfit for 
use as a confinement matrix for long-term storage in 
geological formations due to the possible presence of 
water . 

25 Description of the invention 

The present invention specifically relates to the 

use of B4C and other boron compounds as a confinement 

matrix for the long-term storage or incineration of 

long-life radioactive elements. 
30 According to the invention, the confinement matrix 

for the storage or incineration of at least one long- 
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life radioactive element, comprises at least one 
crystalline boron compound of a rhombohedral structure 
including the long-life radioactive element (s). 

In this way, the boron compounds used comprises a 
5 crystalline structure similar to that of boron carbide, 
which is characterised by a rhombohedral mesh which is 
composed, firstly, of a basic structure composed of a 
rigid network of polyhedrons of 12 atoms, referred to 
as icosahedrons , which gives the majority of the 

10 properties of said compounds and, secondly, a group of 
2 or 3 atoms located in the empty spaces, i.e. at the 
centre of the rhombohedron . This structure is of 
particular interest since the atoms located in the 
empty spaces can be exchanged to insert radioactive 

15 element atoms while retaining the radiation stability 
properties of boron carbide B4C. 

According to a first embodiment of the confinement 
matrix according to the invention, the long-life 
radioactive element (s) is/are inserted in the 

20 crystalline network of the boron compound. They can 
thus be included in the empty spaces located at the 
centre of the rhombohedrons . 

According to a second embodiment of the matrix 
according to the invention, said matrix is in the form 

25 of a composite material wherein the long-life 
radioactive element (s) is/are dispersed in oxide form, 
the standard precursor form, in the rhombohedral 
structured boron compound . 

In this case, the boron compound may be for 

30 example B4C, B^Si or BgO. 
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In said second embodiment, the boron compound, used 
corresponds to boron carbide wherein the carbon has 
been replaced by other elements. 

Said replacement makes it possible to obtain the 
5 required corrosion resistance in the presence of 
aqueous media. Indeed^ boron carbide shows said 
accelerated corrosion due to the formation on its 
surface of a layer of boric anhydride solution in 
aqueous media and in the presence of radiation. By 
10 replacing carbon by oxygen or silicon, the production 
of said boric anhydride is prevented. 

Indeed, in the case of BsSi, a film of passivating 
Si02 and, in the case of BeO, no additional oxidation 
into B2O3 is possible. 
15 Said matrices according to the invention also 

offer a high heat-resistance since they have very high 
melting points, of at least 1800°C, a good stability 
under irradiation, a good inertia in aqueous media and 
the possibility to incorporate a wide range of elements 
20 in said structure. 

It was also observed that in the case of the boron 
compound BsSi, said compound is subject to less 
degradation under irradiation by helium ions than the 
compound B4C- 

25 According to the invention, it is possible to 

adapt the composition of the boron compound to the 
desired use of the confinement matrix- In this way, 
when the confinement matrix is intended for the 
incineration of at least one radioactive element, it is 

30 beneficial to use a boron compound, wherein the boron 
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is enriched with ^^B to benefit from the neutron 
moderating properties of -"-^B. 

The confinement matrices according to the 
invention may be prepared using methods implementing 
5 powder metallurgy techniques. 

In addition, the invention also relates to a 
method to prepare a long-life radioactive element 
confinement matrix comprising at least one crystalline 
compound of a rhombohedral structure in the crystalline 
10 network of which the long-life radioactive element (s) 
is/are inserted, which consists of mixing a powder of 
said radioactive element (s) or compound (s) of said 
element (s) with a boron powder or a boron precursor, 
and then producing a hot reaction of the powder mixture 
15 at a temperature of 800 to 1500°C and sintering the 
powders obtained. 

In this method, the hot powder mixing reaction and 
sintering operations of the powders obtained may be 
carried out at the same time by means of reactive 
20 sintering of the powder mixture at a temperature of 
1000 to 1800°C at a pressure of 30 to 200 MPa. 

In this method, the powder mixture may also 
comprise one or more additives chosen from metals, 
catalysts, metal oxides or any adjuvant required to 
25 form the matrix or improve its properties. 

The metals may be in particular Mg, Ca, Zn. They 
are used either as catalysts (for example 
magnesiothermic or calciothermic reaction) or as an 
addition of oxygen (for example ZnO) . 
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When the powder mixture comprises a catalyst, said 
catalyst may be used to favour the formation of the 
desired rhombohedral structure boron compound. 

The metal oxides used are generally also added to 
5 favour the formation of the desired boron compound. An 
example of oxides includes zinc oxide and magnesium 
oxide . 

The boron precursor may be chosen from boron 
oxides such as B2O3, boric anhydride H3BO3, boron and 

10 silicon compounds such as BsSi, oxygen and boron 
compounds such as B5O and boron carbide B4C. 

In this method^ the radioactive element may be in 
the form of a compound such as an oxide. 

With this method, it is possible to prepare a BsSi 

15 type boron compound including in its crystalline 
network at least one radioactive element, using, as the 
powder mixture, a mixture of powders of boron, silicon 
and at least one radioactive element. In this case, it 
is possible to produce the hot reaction and sintering 

20 at the same time by carrying out reactive sintering at 
a temperature of 1300 to 1400°C, at a pressure of 30 to 
200 MPa. 

If the boron compound produced is of the BeO type, 
incorporating in its network the radioactive 

25 element (s), it is possible to start with a powder 
mixture composed of boron powder, a metal oxide such as 
ZnO, and at least one radioactive element. In this 
case, the powders are first reacted at a temperature of 
1000 to 1500°C under an inert gas stream, and the 

30 sintering is then carried out at a temperature of 1200 
to 1800°C at a pressure of 30 to 200 MPa. 
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According to the invention, it is also possible to 
prepare a confinement matrix in the form of a composite 
material;, comprising a crystalline boron compound of a 
rhombohedral structure wherein the long-life 
5 radioactive element is dispersed using a method 
comprising : 

- mixing of a powder of the rhombohedral structure 
crystalline boron compound with a powder of the 
radioactive element or a compound of said element 

10 chosen from oxides, and 

- pressurised sintering of the mixture obtained at 
a temperature of 1000 to ISOO^^C, at a pressure of 30 to 
200 MPa. 

In the latter case, the boron . compound may 
15 advantageously be BsSi, BqC or B4C. 

In the confinement matrix according to the 
invention, the radioactive element (s) included may 
represent 5 to 20% of the material by weight. 

The invention's other characteristics and 
20 advantages will be seen more clearly upon reading the 
following example, which is given as an illustration 
and is not restrictive. 

Detailed description of embodiment 
25 The following example illustrates the preparation 

of a confinement matrix in the form of B4C based 

composite material . 

In this example, CeOa is used to simulate PUO2 with 

a view to incineration matrices . 
30 12 g of B4C powder is mixed with 1.2 g of CeOz 

powder, both powders having a grain size of less than 
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50 \im. The homogeneous powder mixture is then subjected 
to sintering under a uniaxial load at a temperature of 
1800°C at a pressure of 30 MPa. 

This gives a composite material wherein 8% by 
5 weight of cerium is dispersed in B4C. 

Reference 

[1] : WO95/02886. 
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CLAIMS 

1. Confinement matrix for the storage or 
incineration of at least one long-life radioactive 
element, comprising at least one crystalline boron 
compound of a rhombohedral structure including the 
long-life radioactive element (s). 

2. Matrix according to claim 1, wherein the long- 
life radioactive element (s) is/are inserted in the 
crystalline network of the boron compound. 

3. Matrix according to claim 1, wherein the long- 
life radioactive element (s) is/are dispersed in oxide 
form in the rhombohedral structured boron compound* 

4. Matrix according to claim 3, wherein the boron 
compound is BsSi. 

5. Matrix according to claim 3, wherein the boron 
compound is BeO. 

6. Matrix according to claim 3, wherein the boron 
compound is B4C. 

7. Confinement matrix according to any of claims 1 
to 6 for the incineration of at least one radioactive 
element, wherein the boron of the boron compound is 
enriched with '''^B. 
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8. Method to prepare a long-life radioactive 
element confinement matrix comprising at least one 
crystalline compound of a rhombohedral structure in the 
crystalline network of which the long-life radioactive 

5 element (s) is/are inserted, which consists of mixing a 
powder of said radioactive element (s) or compound (s) of 
said element (s) with a boron powder or a boron 
precursor, and then producing a hot reaction of the 
powder mixture at a temperature of 800 to 1500°C and 
10 sintering the powders obtained. 

9. Method according to claim 8, wherein the hot 
reaction and sintering are performed at the same time 
by means of reactive sintering at a temperature of 1000 

15 to 1800°C, at a pressure of 30 to 200 MPa . 

10. Method according to any of claims 8 and 9, 
wherein the powder mixture also comprises one or more 
additives chosen from metals, catalysts, metal oxides 

20 or the adjuvants required to form the matrix or improve 
its properties. 

11. Method according to any of claims 8 to 10, 
wherein the boron precursor is chosen from 8203^ H3BO3, 

25 BsSi, BeO and B4C. 

12. Method according to claim 9, wherein he 
powders of the mixture are powders of boron, a metal 
oxide and at least one radioactive element, wherein the 

30 reactive sintering is performed at a temperature of 
1300 to 1400''C at a pressure of 30 to 200 MPa. 
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13. Method according to claim 8, wherein the 
powders of the mixture are powders of boron, a metal 
oxide and at least one radioactive element, wherein the 
5 powders are first reacted at a temperature of 1000 to 
1500°C, under an inert gas stream, and the sintering is 
then carried out at a temperature of 1200 to ISOO^^C at 
a pressure of 30 to 200 MPa. 

10 14 . Method to prepare a confinement matrix in the 

form of a composite material, comprising a crystalline 
boron compound of a rhombohedral structure wherein the 
long-life radioactive element is dispersed using a 
method comprising : 

15 - mixing of a powder of the rhombohedral structure 

crystalline boron compound with a powder of the 
radioactive element or a compound of said element 
chosen from oxides, and 

- pressurised sintering of the mixture obtained at 

20 a temperature of 1000 to ISOO'^C, at a pressure of 30 to 
200 MPa. 

15- Method according to ' claim 14, wherein the 
boron compound is B4C, BqO or BaSi. 
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ABSTRACT OF THE DISCLOSURE 

BORON-BASED CONFINEMENT MATRIX FOR THE STORAGE OR 
INCINERATION OF LONG-LIFE RADIOACTIVE ELEMENTS 

The invention relates to a confinement matrix for 
the storage or incineration of at least one long-life 
radioactive element, comprising at least one 
crystalline boron compound of a rhombohedral structure 
5 including the long-life radioactive element (s). 

The boron compound may be of the BsSi, BeO or B4C 

type. 
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WE (I) the undersigned inventor(s), hereby declare(s) that : 

My residence, post office address and citizenship are as stated below next to my name, 

We (I) believe that we are (I am) the original, first, and joint (sole) inventor(s) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 



BORON-BASED CONFINEMENT MATRIX FOR THE STORAGE OR INCINERATION OF LONG-LIFE 
RADIOACTIVE ELEMENTS 



the specification of which 

I I is attached hereto. 

[x] was filed on April 12, 2002 

as Application Serial No. iq /089 , 099 

and amended on 
was filed as PCT international application 

Number PCT/FROO/02841 

on October 12, 2000 

and was amended under PCT Article 19 

on 



We (I) hereby state that we (I) have reviewed and understand the contents of the above-identified specification including 
the claims, as amended by any amendment referred to above. 

We (I) acknowledge the duty to disclose information known to be material to the patentability of this application as defined 
in Section 1 .56 of Title 37 Code of Federal Regulations. 

We (1) hereby claim foreign priority benefits under 35 U.S.C. § 119 (a)-(d) or § 365 (b) of any foreign application(s) for 
patent or inventor's certificate, or § 365 (a) of any PCT International application which designated at least one country other 
than the United States, listed below and have also identified below, by checking the box, any foreign application for patent or 
inventor s certificate, or PCT International application having a filing date before that of the application on which priority is 
claimed. Prior Foreign Application (s) f 



Priority 

Application No. Country Day/monthA^ear Claimed 

^9 12766 FRANCE 13 OCTOBER 1999 YES □ NO 

Dyes Dno 

. nYES DNO 

— ■ Dyes Dno 
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We (I) hereby claim the benefit under Title 35, United States Code, § 1 19 (e) of any United States provisional 
application(s) listed below. 



(Application Number) 



(Filing Date) 



(Application Number) 



(Filing Date) 



We (I) hereby claim the benefit under 35 U.S.C. §120 of any United States application(s), or § 365(c) of any PCX 
International application designating the United States, listed below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT International application in the manner provided by the first 
paragraph of 35 U.S.C. § 1 12, 1 acknowledge the duty to disclose information which is material to patentability as defined in 37 
CFR § 1.56 which became available between the filing date of prior application and the national or PCT International filing 
date of this application. 



And we (I) hereby appoint : Michael N. MELLER, Registration Number 20,779;Eugene LIEBERSTEIN, Registration 
Number 24645, our (my) attorneys, with full powers of substitution and revocation, to prosecute this application and to 
transact all business in the Patent Office connected therewith; and we (I) hereby request that all correspondence regarding 
this application be sent to the firm of ANDERSON KILL & CLICK, P.C. whose Address is . 1251 Avenue of the Americas , 
New York NY 10020-1 182 ' ' ' ' " 



We (I) declare that all statements made herein of our (my) own knowledge are true and that all statements made on 
information and belief are believed to be true ; and further that these statements were made with the knowledge that willful 

false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such wilful false statements may jeopardise the validity of the application or any patent issuing 
thereon. 
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